We surveyed group C and group G b-hemolytic streptococci for emm and emmL (emm -like) genes which encode the M protein, as well as determined their antimicrobial susceptibilities. A total of 97 isolates 79 GCS/GGS isolates and 18 isolates from other groups were tested for the M protein gene by PCR. Focusing on invasive infections with group A (GAS), group C (GCS), and group G (GGS) b-hemolytic streptococci isolated from blood, the M protein gene was found in 90.0z, 84.6z, and 78.3z of isolates, respectively. The hypervariable N terminal region of the emm was sequenced from 62 isolates, and 26 types of the emm gene were identified. Based on these results, type emm222.2 may be endemic to Thailand. The results of antimicrobial susceptibility testing of groups C, G, and non-groups A to G isolates indicated high susceptibility (range 82-100z) to penicillin, cefotaxime, chloramphenicol, clindamycin, erythromycin, linezolid, ofloxacin, and vancomycin, whereas the isolates showed low susceptibility (range 0-15.6z) to tetracycline.
Group C and group G b-hemolytic streptococci (GCS/GGS) can cause severe infections, including bacteremia (1, 2) , and a broad spectrum of illnesses (e.g., pulmonary infections, arthritis, skin and soft tissue infections, endocarditis, urinary tract infections, and meningitis) (1, 3) . Increasing numbers of GGS infections have been reported in the USA (3) and Denmark (4) . GCS/GGS share virulence factors with group A streptococci (GAS); among the M protein, which is expressed on the outer surfaces of these organisms (1, 2) and inhibits phagocytosis (1) . M proteins of GAS and GGS isolated from humans with infections have similar biological, immunochemical, and structural features, and they are encoded by emm and emmL (emm -like) genes (1, (5) (6) (7) (8) . The M protein of GAS exhibits a high degree of heterogeneity due to a variable amino acid sequence in the N-terminus, and more than 150 M types have been identified based on emm typing of the nucleotide sequence in the hypervariable 5 ? region of the emm gene (9) . Previous studies reported that GGS and GAS may share M protein genes by horizontal gene transfer (7, 10, 11) . The various M types are recognized by specific antiserum, but this testing has many disadvantages, including ambiguous results, an inability to detect novel M types, and the expense associated with preparing antisera for all serotypes. We investigated the M protein gene of GCS and GGS to better understand the epidemiology of these infections. In addition, antimicrobial susceptibility testing was performed to inform clinicians of appropriate drugs for treatment of these infections.
A total of 97 isolates ([GCS ＝ 32, GGS ＝ 47; total GCS/GGS ＝ 79] and 18 from other groups [GAS ＝ 15, non-groups A, B, C, D, F, G ＝ 3]) were randomly selected from various patients at Siriraj Hospital between January 2009 and December 2013. If there were multiple isolates from different sites in the same patient, only one was used in this study. Siriraj Hospital is the largest hospital in Thailand, with 2,600 beds and 100,000 annual admissions. Bacteria were identified by standard microbiological techniques (12) . Lancefield grouping was performed by streptococcal latex agglutination (Oxoid, Hampshire, UK), and isolates were maintained at -709 C in 5z trypticase soy broth plus 20z (v/v) glycerol until use.
A Gentra Puregene Kit (Qiagen, Germantown, MD, USA) was used to purify bacterial DNA according to the manufacturer's protocols. The DNA concentration and A 260 /A 280 ratio was measured using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). The DNA with a A 260 /A 280 ratio of 1.7-1.9 was used for PCR.
The emm gene was amplified by 2 pairs of M primer sets (emm1F/emm1R and emm2F/emm2R), whereas the emmL gene was amplified by primers G1F/G1R (5-8). The PCR consisted of 35 cycles, with an initial denaturation at 959 C for 5 min, followed by denaturation at 959 C for 30 s, annealing at 459 C for emm1F/ emm1R and G1F/G1R primers or at 509 C for emm2F/ emm2R primers for 30 s, and extension at 729 C for 2 min, and a final extension at 729 C for 5 min. DNA of Streptococcus pyogenes ATCC 19615 (emm 80) and GGS clinical isolate No. 323 (stG6.0) were used as positive controls. The sizes of emm and emmL genes were similar in these 2 strains. Sizes of amplicons ranged 0.8-1.6 kb, depending on the M types (13) .
The emm and emmL DNA sequences of 62 randomly selected isolates were aligned to determine the emm types in comparison with reference sequences available in the U.S. Centers for Diseases Control and Preven- (14) . Streptococcus pneumoniae ATCC 49616 was used as a control.
The prevalence of GGS was found to increase over the study period (7 patients in 2009 to 70 patients in 2013), confirming a trend described in the previous reports (3, 4) . Specimens, 35 (36z) and 31 (32z) were obtained from blood and pus from skin, respectively (Table 1) . Patient ages ranged from 4 to 91 years, with mean age was 50.3 ± 23.0 years. Fifty-two patients were men (53.6z), with a M:W gender ratio of 1.16:1. There was a higher prevalence of GGS than GCS, which agreed with a study from Denmark (4), and there were more adults than children in this study, which was also in agreement with a previous report (1) .
Of the 15 GAS isolates, 14 were found positive for the M protein gene using primers emm2F/emm2R. However, some isolates that were positive with these primers were negative by PCR using primers emm1F/ emm1R. Furthermore, all GAS isolates were negative by PCR using primers emmL-G1F/emmL-G1R. Of the 32 GCS isolates, 29 isolates were positive for the M protein gene with primer sets, emm2 and emmL, but a few were positive by PCR with the emm1 primer set. Of the 47 GGS isolates, 38 isolates were positive for the M protein gene by 3 primer sets (emm1, emm2, and emmL). Although ＞ 200 emm types of GAS (15) and ＞60 emm types of GCS/GGS (7) have been reported, but the important types associated with invasive infection are unclear (7) . M-like proteins may benefit GCS and GGS colonizing in the pharynx (13) . The high diversity of the emm and emmL genes facilitates emm typing (13) , and presents an alternative to serological typing, which has limitations that include nontypeable M proteins, specific antisera that are difficult to produce, and the potential for missing novel M-types.
The prevalence of the M protein gene (summarized in Table 2 ) in GAS, GCS, and GGS isolates was 93.3z, 90.6z, and 80.9z, respectively. The M protein gene prevalence in GAS (93.3z) from this study was comparable to that (94.5z) reported in Brazil (16) . A previous study in Thailand showed the predominant M protein type of GAS to be M93 (20.75z); other M types included M1, M44/61, and M25 (17) . The M protein gene (emm and emmL) prevalence in GCS/GGS found in our study was higher than the 76.63z found in Spain (13) . Of the blood-isolated GAS, GCS, and GGS, 90.0z, 84.6z, and 78.3z, respectively, had the M protein. Thirteen isolates (1 GAS, 3 GCS, and 9 GGS) were negative for M protein gene. By using 16S rDNA sequencing technique (18) of purified genomic DNA from 12 available isolates which were negative for M protein gene were as follows: 1 GAS was S. pyogenes; 2 GCS were Streptococcus anginosus group and Streptococcus dysgalactiae; 9 GGS were 8 S. anginosus group and 1 S. dysgalactiae.
In this study (Table 3) , 26 emm types were present in 62 isolates (27 GCS, 34 GGS, and 1 from non-groups A-G), and out of all types, emm222.2 was predominant (14/62; 22.6z). In Taiwan (19) , many emm types were identified in GGS isolates from blood (e.g., stG6.1
8z], and others [13.6z] ). Rate of emm type stG6.1 in Taiwan and Israel (1) was similar to our result for stG6.0, but each subtype was different. stG6.0 was found in Norway (7). In this study, an isolate from non-groups A to G had an stL2764.0 M protein.
Results of antimicrobial susceptibility testing showed that isolates from groups C, G, and non-groups A to G were highly susceptible (range 82-100z) to penicillin, cefotaxime, chloramphenicol, clindamycin, erythromycin, linezolid, ofloxacin, and vancomycin, whereas they showed low susceptibility (range 0-15.6z) to tetracycline. This study did not indicate an association between the emm genotype of GCS/GGS and antimicrobial resistance. This may be because many genotypes showed the same antibiogram.
In conclusion, this is the first study of the M protein gene and antimicrobial susceptibility in GCS/GGS isolates in Thailand. The M protein gene may be useful for molecular characterization and epidemiological analyses of other b-hemolytic streptococci. 
